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Abstract 
Solar receiver reactor is the key component of supercritical water gasification of biomass using concentrating solar energy, and 
its thermal performance directly affects the thermal efficiency and biomass gasification results. The temperature distributions of 
solar receiver reactor and reactant fluid are presented. The results showed that direct normal solar irradiation (DNI) have 
prominent effect on the temperature of cavity type solar receiver reactor, thus affecting the SCWG reaction behaviors and 
gasification results. A series of on-sun experiments were carried out, temperature is relatively stable with DNI small fluctuations, 
and the nominal fluid temperatures at the outlet of reactor varied in the range 500–650oC, which could completely meet the need 
of the temperature for biomass gasification in supercritical water. Model compounds of biomass (ethylene glycol, ethanol, 
glycerin and glucose) were continuously gasified under SCW conditions to generate hydrogen-rich fuel gas in the apparatus. Gas 
yields, carbon gasification efficiency and the total gasification efficiency increase with increasing DNI. The range of GE and CE 
is 48.5-105.8%, 37.5-95.6%, respectively. Good thermal performance and gasification results show that solar receiver/reactor 
used in this study is one of the good configurations that can be used for SCWG of biomass using concentrating solar energy. 
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1. Introduction 
Solar radiation, as one of promising renewable energies, is abundant on earth. However, with the characteristics  
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Nomenclature 
CE carbon efficiency, the total carbon in the gas product/the total carbon in dry feedstock, % 
DNI       direct normal solar irradiation, W/m2 
GE  gasification efficiency, the total mass of gas product/the total mass of dry feedstock, % 
SCW supercritical water 
SCWG   supercritical water gasification 
such as not being available at all times, low irradiation density, discontinuous and dispersion, it is becoming a hot 
spot of research to find ways to achieve high efficiency, low cost, large-scale solar energy storage and utilization. 
Concentrating solar energy can be used to supply high-temperature process heat for endothermic thermochemical 
reactions of hydrogen production, and solar energy can be chemically stored and transported[1-3]. Typically, solar 
hydrogen thermochemical process such as direct themolysis or thermochemical cycles for water-splitting, solar 
thermal decomposition, steam reforming and gasification need high temperature (more than 1000 oC) as heat source 
to achieve efficient conversion. However, biomass gasification in supercritical water (SCW), which is a very good 
solvent for organic compounds, can obtain good gasification results only above 600 oC, therefore, it appears to be a 
most convenient and efficient and thus promising conversion process for solar thermal applications[4, 5]. Technical 
and economic evaluation show that supercritical water gasification (SCWG) of biomass driven by concentrated solar 
energy for hydrogen production is competitive compared to other solar thermochemical hydrogen production 
technologies[6]. In this work, a solar receiver/reactor, which is the key component of solar conversion system, 
integrated with a dish concentrator for SCWG of biomass was developed, and its thermal performance is analyzed. 
2. Experimental apparatus and methods 
The supercritical water gasification using concentrated solar radiation as heat source were carried out. A diameter 
of 5 m sun-tracking multi-dishes concentrator is used to provide concentrated solar irradiation, which consists of 16 
pieces of 1 m diameter parabolic reflector, and the focal length of 3.25 m, as well as focal plane 250 mm in diameter. 
For solar cavity receivers operating at high temperatures, the optimum aperture size results from a compromise 
between maximizing radiation capture and minimizing radiation losses[7], we select the appropriate incident 
aperture diameter according to spot size. A cylindrical cavity-type solar receiver reactor with 350mm in length and 
300mm inside diameter that contains a 250 mm aperture diameter was constructed as shown in Fig.1(a). A 6mm 
thick clear transparent quartz window of JGS3 infrared optical quartz glass is used in the aperture to reduce natural 
convection heat loss. Spiral coil tube of 316 stainless steel was used as reactor in the chamber of solar receiver to 
reduce re-radiation and conduction heat loss. The materials and size of reactor, heat exchanger, preheater and cooler 
as shown in Table1, is compactly installed in the receiver/reactor to adapt to the characteristics of the dynamic 
connection with solar concentrator. The flow chart of SCWG of biomass driven by solar-thermal system is shown in 
Fig.1(b). The pre-heated supercritical water mixes with the biomass loading stream prior to entering the main reactor 
for rapid-heating of SCWG of biomass. The product stream was then separated into liquid and gas phases.  
 
 
(a) 
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(b) 
Fig. 1. (a) solar receiver/reactor for SCWG of biomass; (b) Flow chart of SCWG of biomass driven by solar energy. 
For our study, temperature is measured by K-type sheathed thermocouples at various locations of solar receiver 
reactor. DNI is measured by automatic tracking direct solar radiation meter, which is an important indicator of solar 
radiation intensity. The gaseous products were analyzed by gas chromatography (GC7890 by Agilent Technologies). 
Table 1.Materials and size of components in solar receiver reactor 
Name Materials Size Design temperature (R& diameter (mm) Length (m) 
Feedstocks preheater 1Cr18Ni9Ti I8u2 0.5 250 
heat exchanger 1Cr18Ni9Ti 
inner tube I6u1.5 
5.5 
650 
outer tube I12u2 500 
Water preheater 1Cr18Ni9Ti I6u1.5 11 650 
Reactor 316 SS I10u2.5 18 650 
3. Results and discussion 
3.1. Thermal performance of solar receiver reactor 
Experimental conditions refer to considerable fluctuation of direct solar irradiance (DNI) is shown in Fig.2(a), its 
thermal performance of solar receiver reactor in a dish concentrator varies with the DNI. During the whole 
experimental period, flow rate of water is 39.8 g/min and pressure of 24 MPa. DNI fluctuations is approximately 
500 W/m2 at 12:00 and decrease to 400 W/m2, then rise rapidly to about 500 W/m2 at 15:00, temperature profile of 
the solar receiver /reactor also fluctuate with the changes of DNI, but basically maintained at 500 oC, and continuous 
operation is up to 4h. The working pressure is stable at around 24MPa. As is shown in Fig.2(b), DNI is relatively 
stable during the whole experimental period, and the average DNI is 723W/m2 (Xi'an, 2011-6-24). During 
9:00~11:00, receiver temperature rise rapidly to more than 650oC after concentrating solar energy, the outlet 
temperature of reactor and the preheater can reach more than 600oC. Water instead of feedstock is injected into the 
tubular reactor at 11:00, reactor temperature dropped quickly to below 500 oC. After adjusting the feedstock stream 
and preheating water ratio (23.3g/min, 101.3g/min respectively), the outlet temperature of reactor was back to 600oC 
at 11:30 and tended to be stable. The start of feeding at 12:00, the outlet temperature of reactor decreased slightly, 
but it is basically stable at more than 550 oC during the last two hours, and the average value is 584 oC, which 
provides a strong guarantee for the stable gasification of biomass. With regard to 3wt% Carboxymethyl cellulose 
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(CMC) gasification about the experiment, composition in product gas is up to 68.7% H2, 1.84% CO, 4.9%  CH4, 
24.1%  CO2, and H2 yield reached 15.4mol/kg. 
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(a)                                                                      (b) 
Fig. 2. Temperatures of solar receiver reactor versus DNI 
As is shown in Fig.3, the fluctuation of DNI was more obvious than the previous experiment of Fig.2(b), but DNI 
is basically maintained at above 600 W/m2, the average value of DNI was up to 690W/m2. The wall temperature of 
tubular reactor rise rapidly and reach 600 oC at about 6m, then maintain above 600 oC at 6-18m, fully meeting the 
needs of temperature and energy for biomass gasification in supercritical water. Feedstock stream flow rate and 
preheated water flow rate are 10.3 g/min, 30.0g/min respectively, corresponding to a ratio of 1:3. From the 
beginning of feeding at 13:50 to stop feeding at 16:00, available operating time is more than two hours, the reactor 
inlet and outlet average temperature of 450 oC and 657 oC, respectively, remained stable. In particular, after heat 
recovery of heat exchanger, the reaction residue temperature is basically stable at below 100 oC, indicating the heat 
exchanger efficiency of more than 80%. Counter flow spiral tube heat exchanger with high efficiency and compact 
structure is especially suitable for solar receiver reactor with biomass gasification in supercritical water. 
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Fig. 3. (a)temperature of solar receiver reactor versus DNI; (b) wall temperatures of reactor with length(at 13:30) 
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3.2. Gasification experiments 
0.4mol/L ethylene glycol was successfully gasified in supercritical water with solar receiver reactor. Although 
DNI variations, composition of gaseous product and yield remained stable, due to solar receiver reactor with some 
heat storage capacity, and there was a time lag of temperature fluctuation. The average DNI is approximately 
421W/m2, the outlet temperature of reactor is about 600oC in fig.4. According to the gas chromatography analysis, 
gas product is mainly composed of H2, CH4, CO2, and mean molar fraction is 41.2%, 15.1%, 34.7%, respectively. 
The gas production rate is 0.25L/min. GE is 105.8%, CE is 95.6%. H2 yield is 21.8mol/kg, and hydrogen yield 
potential (HYP[4]) is 66.3mol/kg.  
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Fig. 4. Effect of DNI on gas composition 
1.0mol/L ethanol is successfully gasified in SCW, which is heated by the concentrated solar radiation. The flow 
rate of preheat water and feedstock are 30.5g/min, 10.1 g/min, respectively. Temperature and gasification results of 
solar receiver reactor versus DNI are shown in Fig.5. During 14:20~15:16, the mean DNI is 411W/m2, fluid outlet 
temperatures of up to 604°C were demonstrated. The content of gas product is 40.4% H2, 2.5% CO, 21.9% CH4, 
29.1% CO2. CE and GE is 37.5%, 48.5%, respectively. H2 yield is 10mol/kg, and HYP is 41.7mol/kg. 
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Fig.5. (a) Temperature of solar receiver reactor versus DNI; (b) gasification results 
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Under the different DNI fluctuation trend, 0.1mol/L glucose gasification in supercritical water with solar receiver 
reactor was conducted as shown in Fig.6. As DNI increase gradually, hydrogen content in gas product increase, in 
contrast, CO2 content decrease. Because solar receiver reactor temperature increase with DNI, and higher reaction 
temperature is in favor of free radical reaction for hydrogen production.  
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Fig. 6. The composition of gas product versus DNI (0.1mol/L glucose) 
Fig.7 displays solar receiver reactor temperature profile and gasification results of 0.3mol/L glycerol SCWG 
using concentrated solar energy. Preheat water and feedstock were continuously fed at a mass flow rate of 30.4g/min 
and 9.4g/min, respectively. The overall trend of temperatures decreased lightly with DNI. The mean DNI is 
384W/m2 from 15:00 to 16:30, and the outlet temperature of reactor is relatively stable about 553 oC. There is a 
temperature difference of 20-50oC between air temperature in cavity receiver and outlet fluid temperature of reactor. 
More than 60% of hydrogen content in gas product was achieved. The gas production rate is 0.28L/min. GE and CE 
are 65%, 47.8%, respectively. Furthermore , H2 yield and HYP are 26mol/kg and 34.5mol/kg , respectively. 
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Fig. 7. solar receiver reactor temperature profile and gasification results 
4. Conclusions 
The combination of SCWG of biomass and concentrating solar energy systems as an innovative technology 
option for hydrogen production is beneficial to dispatchable renewable energy conversion. A novel solar 
thermochemical receiver/reactor for hydrogen production by biomass gasification in SCW with multi-dishes 
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concentrator was proposed to improve the thermal and gasification performance during operating conditions. A 
transparent quartz window in the aperture can reduce natural convection and re-radiation heat loss, and greatly 
improve the inner wall temperature and the thermal efficiency of the solar receiver/reactor. The solar power input 
through the aperture varied in the range 3.1-7.2kW. A series of on-sun experiments were carried out, and the 
nominal fluid temperatures at the outlet of reactor varied in the range 500–650oC, which could completely meet the 
need of the energy and temperature for biomass gasification in supercritical water. Model compounds of biomass 
(ethylene glycol, ethanol, glycerin and glucose) were continuously gasified under SCW conditions with 
concentrated solar radiation to generate hydrogen-rich fuel gas in the apparatus. The results showed that DNI have 
prominent effect on the temperature of reactor wall and cavity receiver, thereby affecting the SCWG reaction 
behaviors. Gas yields, carbon gasification efficiency and the total gasification efficiency increase with increasing 
DNI. The range of GE and CE is 48.5-105.8%, 37.5-95.6%, respectively, and H2 yield in the range of 10-26mol/kg. 
Because of these promising results, solar receiver/reactor used in this study is one of the good configurations that 
can be used for supercritical water gasification of biomass using concentrating solar energy. 
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